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A c c e p t e d M a n u s c r i p t Immunogold cytochemistry is a laborious process that comprises tissue 9 fixation and embedding, followed by sectioning and subsequent labeling. For 10 a detailed description see Mathiisen et al. 2006 [1] . In short, the labeling 11 process involves optimizing antigenicity of the tissue and subsequently incu- 
21
A few particle detection algorithms for immunogold labeled micrographs 22 have been proposed. The most commonly applied method deploys a particle 23 detector based on difference of gaussians (DoG) filtering followed by detection 24 of local maxima, combined with either hessian testing or machine learning 25 algorithms [2, 3, 4] . During preliminary trials with the current dataset, such 26 particle detectors produced excellent results on some images, but was vul-27 nerable to detection of non-gold particle structures with high local contrast.
28
Simple thresholding algorithms have also been proposed [5] , but with such 29 methods, the threshold frequently needs to be modified by the analyzer to within a certain distance of the membrane should be considered as potential 36 membrane labeling and should be included in the analyses [1] . Furthermore,
37
A c c e p t e d M a n u s c r i p t it is necessary to evaluate labeling intensities at farther distances from the 38 cell membrane to demonstrate whether or not there is an increased signal 39 surrounding the membrane compared to the overall background labeling.
40
Similarly, labeling of small intracellular compartments like synaptic vesi-41 cles, poses an analytical challenge. In these cases, the size of the antibodies 42 combined is larger than the structure in question. For these instances, a typ-43 ical analysis comprises manually defining the center of the vesicles followed 44 by detection of gold particles. Subsequently, the distribution of distances 45 from synapses to the observed gold particles, is compared to the distribution 46 of distances given randomly placed particles [7] .
47
Here, I present a MATLAB based graphical user interface for automatic 48 quantification of gold particle distribution by area or in relation to membrane 
Methods

55
The program consists of a MATLAB graphical user interface for analyses according to subject or section, and the image resolution should result in a 66 minimum gold particle diameter of at least 15-20 pixels to enable a high 67 degree of automated particle detection. The results from the analyses will be 68 stored in the same folder as the micrographs in a MATLAB data structure.
69
This enables easy review and modification of the dataset if necessary.
70
M a n u s c r i p t 
Loading images and defining parameters 71
First, nanometers per pixel, gold size(s), magnification and gold particle 72 detection method should be defined in the software ('Parameters'). Next, the 73 user needs to select the working folder where the TIFF images are stored,
74
before being prompted to choose which image to start analyzing. the minimum and maximum areas (A) of particles are defined as follows:
, where x = 0.5 for a single gold particle (1) and
, where x = 1.5, for a single gold particle ,
where d gold is the diameter of the gold particles used, given in 'Parameters' 2) is used for the smaller and larger gold particle sizes respectively.
112
In addition, to improve detection specificity, regions within the defined area 113 measurements need to meet certain circularity criteria. Circularity (C) is 114 defined as follows, given the perimeter (P) and area (A) of the putative gold 115 particle as detected with MATLAB regionprops(): and circularity criteria, as above, but in addition to that, they need to be 130 detected and classified as particles over two consecutive threshold levels ( Fig.   131 2). A c c e p t e d M a n u s c r i p t Figure 2 : Particle detection process. For the current dataset, nine thresholds, evenly spaced below the 6th percentile of gray level values, are applied to the micrographs. The connected components in the resultant binary images are tested on both size criteria and circularity. Green regions fulfill the respective criteria. Putative particles need to be classified as a proper particle in at least two consecutive threshold levels. These parameters ensure that structures that resembles gold particles are not detected (red arrow). Scale bar: 100 nm A c c e p t e d M a n u s c r i p t
Membrane bound antigens
133
For membrane bound antigen labeling, the user should draw a one-or 134 multi-segment line along the cell membrane in question (Fig. 4) . The dis- To find the shortest distance (d) from particle C to the line AB, first the 145 projection point (P) of point C onto line AB is calculated:
147 where P = (P x , P y ) and A = (A x , A y ). The ratio between p and c and 148 ratios between 0 and 1 the distance from C to P is calculated. For ratios be-149 low 0 or higher than 1, the point C do not project onto the line AB, and the 150 shortest distance to the line is to point A or B respectively, as outlined below:
M a n u s c r i p t
153
Particles that fall before the first line segment or after the last line segment, 
Measuring distances and areas
177
There is also a simple tool for measuring distances and areas in the micro- analyzed membranes, particles and areas may be deleted or renamed.
185
A c c e p t e d M a n u s c r i p t 
Results
210
To validate the particle detection algorithm, a typical immunogold dataset (Fig. 5, [8] ). In total 1126 µm of astrocytic cell membrane was 215 analyzed.
216
A high density of gold particles signifying aquaporin-4 water channels
217
were centered on the membranes facing the endothelial cells, as previously 218 shown (Fig. 5A, [9] ). In all, 10924 particles were detected automatically; 371 219 particles needed to be added manually (3.4% of total), and 14 particles had 
228
Particles within 300 µm of the cell membranes were saved to evaluate 229 background labeling. When the distance from the cell membrane for any
230
given particle was plotted in a histogram centered on the cell membrane, a 231 pronounced membrane centered signal became evident (Fig. 5C ).
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